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COAGULATION TIME OF BLOOD SPECIMENS FROM TUBERCU¬ 
LOUS PATIENTS. 
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Is tliere a relation between the tendency to hemoptysis which 
is cxliibited by certain patients having pulmonary tuberculosis 
and the coagulation time of the blood? The answer to this question 
was the object of the investigation here recorded. 

Hemoptysis, or bloody sputum, is understood to mean pure or 
nearly pure blood in considerable quantity, a tcaspoonful or more, 
and not merely streaks of blood such as may come from an irritated 
throat.' 

.Some tuberculous patients and, according to I’ishbcrg, a large 
proportion of cases of phthisis, pursue their course and terminate 
in recovery, or fatally, without any hemoptysis. Fishberg found a 
wide variation in tlie statistics concerning the frequency of this 
symptom during the course of phthbis, some reports stating 25 
and others 80 per cent., with many figures intermediate.* 

Otlier patients seem quite predbposed to hemoptysis and ore 
characteristically known as “hemorrhage patients.” 

Our experiments were made during a period of six months, tlius 
allowing for any possible seasonal influence, and also for the oppor¬ 
tunity of selecting typical cases from the 300 patients treated in 
that interval at the North Reading State Sanatorium. Hemoglobin 
percentage was estimated in eacli case by the Dare instrument. 

The coagulation time of the blood of each patient is used only 
on a comparative basb in tliese experiments. One must not e.xpect 
to contrast the figures themselves with those obtained by another 
method. Cannon and Mendenhall* point out clearly that there 
is no definite coagulation time quite independent of the method 
used because the conditions peculiar to any coagulometer are likely 
to affect the time of clotting. 

A consideration of tlie various methods which have been used 
in estimating blood coagulation time and their relative merits seem 
h.irdly necessary here. Addb reviewed this matter.* Cannon and 

‘ Cabot, Richard C.: Physical Diagnosis. 1910. p. 325. 

* Fishberg, Maurice: Pulmonary Tuberculosis, 1916, p. ISO. 

^ I'aplors AfTerling the Oiagulation Time of Rlood, Am. Jour. PliyNh*!., 1911. 
\\\iv, 225. 

* AihhV, T.: C’oaguljilhm Time of Quart. .I«mr. Kx|icr. Pliy.fiol., llMhs, i, 
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^[^•ll(lenllall' addud still aiuitiier iiietluHl, based upon the prineiijlcs 
laiil down by Addis, and after they luul (’one over the work done In- 
Addis and by Morawitz® on the various coa{’uloineters. 

AVe therefore were fortunate in being able to adopt Cannon's 
method, in whieh he eliininatetl the objectionable features men¬ 
tioned in the eritieisins by the foregoing authors in their disenssion 
of the various eoaguloineters. 

In the first place it is la'st to define the ))rinei])les stated b,v Addis 
and ai)proved by ('annon under whieh work of this sort must be 
carried ond 

1. 'J’lie blood nntst always lie obtained under the same conditions. 

2. 'J'hc estimates nmst all be made at the same temperature. 

:j. 'I'he blood must always come in contact with the same amount 
and kind of foreign material-. 

4. The end-))oint must be clear and definite and must always indi¬ 
cate the same degree of coagulation. 

In addition to these four conditions. Cannon decided that the 
ideal instrument should yield a permanent objective record nuiile 
by the bloo<l itself." 

Our coagulometer was designed after tjie pattern of Cannon’s 
but was somewhat mo<lified in construction and working arrange¬ 
ment because the factors in our problem difi'ered. 

A brief deseriiition of the instrument used is ns follows: 
AI’I'.au.atcs. 'I'he ujiright with attachc<l balance beam of a 
prescription scales was set uj) on a small wooden stand. This 
I)latform rested on four leveling serews, whieh could be so adjusted 
iis to bring the upright iK'riwndieiilar, thus insuring jtroper ctpiilib- 
rium for the balance. 

One arm t>f the balance beam was j>rcvent«l from rising above a 
horizontal position by a check, a small brass lever operating at 
right angles to the beam, .securcrl to a woo<len tipright. This 
check could be raised and lowered with a slight touch of the finger. 
.-Vt the opposite end of the beam was a ring to which could be easil.v 
liookcd a short length of copper wire. This wire, 7 cm. long and 
0.1) mm. in diameter (gauge 21 IJ. and ^i.) was bent above into a 
hook and below into a small ring slightly lc.s.s than 2 mm. in diameter. 
'I'he small ring would then rest in the canmda containing the blood 
in such a way as to allow for a descent of the airc through the blood 
to about 0.0 mm. 

Eight of these wires were made uj) ,as nearly standard ns possible, 
for when hung on the beam the weight of the wire, allowing for a 
counter-balance at the other end of the beam, made this end of the 
beam (iO mgm. the heavier. 

'The cannulas were fairly uniform in size and in capacity in accord- 

‘ L«>r. ciL * ril., by C'aiuioii and Metuleiilian. p. 22."). 

* AfUh’!*. T.: I.or. «-iL » rit., Otantai and Moiulcnhali, p. 220. 
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ante witli Cannon’s careful ilirections that all (liincnsions should 
he as nearly standard as ])ossiblc, so that the amount of l)lood“ 
received in them should he fairly constant and that the wire haiiginj' 
in the blood should present approximately the same surface in 
dilfcrent observations. 

SIZE OF CAXXIL.AS. 


Outside diatiielor. 3.5 nun. 

IiiHidc dininclcr.2.0 mm. 

I.cnsth over nil.23.0 inm. 


'I'lie cannula rested nearly submerged in a water-bath at 2.")° C. 
.\ rubber collar held the cannula from entirely sli])])ing through 
the hole in the bracket. The bracket was accurately adjusteil to 
allow for free descent of the wire and also for the i)ro])cr submersion 
of the cannula in the water-bath. A small circulation coil warmed 
by an alcohol lamii kciit the water-bath at uniform temperature. 
.\ddis'“ insists upon the strict necessity of carefully fulfilling this 
condition of constant temperature. 

.Vn electromagnetic signal which rang at half-minute intervals 
completed the outfit. 

])i(.\wiNo THE Hlood. The blood was taken from the lobe of 
the car, which was previously cleansed with soap and water, alcohol, 
and ether. 'I'he cannulas were cleaned in rnniiing cold water, tJicii 
jiasscd through ether in order to destroy all traces of fibrin ferment 
such as might remain from a former ease. 

The car lobe was punctured with the point of a sharp bistoury 
and the time then lupted. This knife was cleaned with ether and 
alcohol after each oiieration. Immediately ns the bloisl drop 
aiipcarcd the ti|) of the eanmila was ap])licd to the drop. BIoikI 
(piickly flowed into the cannula to within about 2 mm. of the 
rubber collar. 

The tip of the cannula was then sealed with plastiline, the eannula 
set in the bracket in the water-batli, the wire hung on the balance 
beam and inserted in the cannula. 

The small ring would then be iinmerscil in the I)I(kkI. .\ thin 
coating of liciuid ])etrolatum, previously applied to the upiier third 
of the inside of the canmda, served two i>ur]>oses. The oil covered 
the surface of the IiIikhI, thus ]»reventing contact with the air anil 
al.so lubricateil the unfilled bore of the canmda so that the wire 
would not stick to the side. Therefore the wire, in falling into the 
blood at regular intervals represented the same weight each time. 

In about thirty seconds from the time the ear was imueturisl the 
canunia hail been filhsl and |iiacvd in the water-bath, and all was 
in readiness for o|)eratioii of the appanitiLs. 

Oi’EiiATio.N OK -Ai'rAHATf.s. This operation consisted of raising 
the check with the finger at every half-minute record of the signal. 
The other end of the beam, heavier by (iOmgm. would fall, allowing 

* lair. ric. ji, 2S7. o Lnr. ril.. p. ;i;(L 
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the wire to sink into tlie IiIihmI. Tlie i-lieck would tlmn lie lowered, 
eiiusing the wire to risi' and the he iiii to jLssnnie its usual horizontal 
])osition. 

So long its the wire stink tliroiigli the hlouil to the full extent of 
. the 5.0 nnn. pltiy there was evidence that the blood wtis still fluid 
and that euagniation had nut taken place. 

End-point’S. As soon as the blood clotted the weight of 60 mgni. 
was supported and the balance lieam failed to move through its 
usual excursion. 'I'his iihcnomcnon usually appeared suddenly— 
that is, tlie twelfth descent of the wire, for instance, would be 
unobstructed and as free as preceding movements; then at the next 
half-minute record the downward movement would be jerky and 
slow. The subsequent movement thirty seconds later would be 
interfered ivith and blocked; this recorded the end-point and testified 
to a sudden crisis of coagulation, which was confirmed by tbe jelly- 
like clot revealed on the wire ring and in the cannula when these 
were removed from the apparatus. 

The coagulation time of a particular specimen of blood was 
measured by that interval elapsing between the time of puncturing 
the skin and the time when the end-point just described occurreil. 

Results. One hundred and forty-eight specimens of blood were 
put through the apparatus for the determination of coagulation 
time. Sixteen of these trials protluccd variable results because the 
blood was obtained under dissimilar conditions—that is, tlie speci¬ 
men in each case was taken from the needle of a syringe used in 
drawing a quantity of biowl from the arm vein. The variable 
factors in this method of collection precluded the probability of 
approximately constant results in this group, and accordingly 
these 16 cases were thrown out. 

Of the 132 remaining cases 12 represented second trials on the 
same patients. Therefore 120 different patients were considered. 

Of the total 132, 65 gave a history of hemoptysis and 63 could 
not recollect this symptom. 

Of the tuberculous, 47 were classed as closed and 73 as open 
cases, the former group including those without symptoms and with 
local signs practically quiescent, while the latter group represcnteil 
patients sliou-ing one or another of the signs and symptoms of pul¬ 
monary tuberculosis. 

The average coagulation time in 130 trials was seven minutes 
forty-five seconds. Two patients with open, semi-active pulmonary 
tulwrculosis yielded specimens which did not coagulate within 
twenty-eight and thirty-four minutes respectively, and no end¬ 
points were observed. Each ca.se was observed to liave had recent 
liemo|)tysis. Eour months later, after some improvement and no 
recurrent hemoptysis, one of thi-sc men presented a blo(Hl s|X!cimen 
wbieb eoagulateil in sLx minutes. The other patient biul left tbe 
institution in the meantime and no second siieeiinen was available. 
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Witli the exception of tliese 2 cases tlie extreme increased 
coagulation time was twenty minutes forty-nine seconds recorded 
in 1 case. Between fifteen and twenty minutes only 1 case was 
recorded. These two men had no history of hemoptysis. 

In the accompanying table the cases other tlian those aliove are 
grouped according to their recorded coagulation time: 


MinuU 4 . Total. 

15 to 14 . . 2 

14 to 13 . . 3 

13 to 12 . . 4 

12 to 11 . . (j 

11 to 10 . . 7 

10 to 0 . . 10 

n to 8 . . 13 

S to 7 . . 15 

7 to C . .31 

Gto 5 . . 14 

5 to 4 . 10 

4 to 3 . . 

3 to 2 . . 1 


0(>co 

easci. 


I 

4 

3 

14 


10 

3 

7 



Cases 

Cases 

Cases 

CIomJ 

eases. 

probabW 

noa-tubercufous. 

with hem* 
opiysis. 
j 

wiUimit 

hcmoittysis 

1 

1 


2 

1 

2 

1 

2 

2 

2 


3 

3 

4 


5 

2 

2 


s 

s 

G 

7 


0 

G 

11 

4 

IG 

15 

10 

1 

G 

S 

7 

2 

G 

10 


I 


1 


study of the data thus arranged discloses no gross evidence one 
way or tlic otlier of any relationship between the coagulation time 
of the blood and the tendency to hemoptysis. 

SuiisTUDV. The historj’ of hemoptysis was more or less remote 
in some of the 05 patients classed in this group. Accordingly, we 
selected 13 patients whom we had recently observed having had 
hemoptysis and detennined the coagulation time of the bloiKl in 
each case. The estimates were: 


11 minutes 

30 sciTindg 

10 “ 


i) - “ 

40 “ 


30 " 

0 “ 

30 *' 

“ 

30 *■ 

0 •* 

S “ 

30 

G 

30 

G “ 

30 “ 

0 “ 

30 

0 " 


5 “ 

30 “ 


The first five records referred to |)atients who were having 
recurrent pulmonaiy hemorrhages, although not in any large quanti¬ 
ties. The last record, five minutes thirty seconds, referred to a 
patient who daily expectorated from one to four ounres of blood. 

This patient'* has a hi.story suggesting the aspiration of foreign 
bodies, probably one or more shoe-nails, and the physical signs 

« Case No. 2272, North Ue.Tdmg .^lalc .Sanatorium Clitiiral Hccordg. 
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point to broiicliial stenosis probablj' due to foreign body in tbe 
lironclnis. His spiitnni is negative for tubercle bacilli and his daily 
licinoptysis for inontlis is altogether too extraordinary to be 
ex])lained as merely a symptom of pulmonary tuberculosis. ICIimi- 
nating this ease from the group the average time is eight minnt> s 
thirty seconds. 

We then .selected 12 non-hemoptysic patients, in each of whom 
the disease jiroee.ss could be as.simied to ])arallel those of the first 
groiij). The reeonls of coagulation time obtained were: 


10 niiiiutos 
W “ 


>1 

<) 


^11) scrondd 
:«) •• 

.'{0 “ 


K •• no 

7 “ no 

7 

fi •' no 

fi “ no 

.\vcrai!0 s “ no 


Knell ease of the twenty-four in this sulwtudy was one of ad vaiieed 
pulmonary tulicreiilosis with positive siiutmn. 

As u matter of ohservatloii it seems that those ])atients far 
advananl In the disease and with active signs and symptoms Iiave 
increased coagulation times. On the other liand, we olitaincd a 
record of six minutes thirty seconds, for instance, in a si)eeimen from 
a jiatient who was a bed case with fur-advuneed disease. 

In relation to this and other similar variations found in our 
results we must respect tlie waniiiig which Addis sounds. lie 
believes that the indirect mctluHl of determining blood-coagulation 
time will probably give untrustworthy results in ^lathologicid con¬ 
dition, flue to the fact that the agglutination of the Idoud is increased 
in di.scasc*^’—that is, the cor|)iiscIcs may be agglutinated by their 
own serum, and thus agghitinatioiimayeloselysimnlate eojignlation. 

Our coagulometer operates as an indirect method because tlie 
evidence that coagulation has occurred is deduced from the change 
in the ])hysieal charac^ter of tlic bUxKl—tliat is, a loss of fluidity. 
Addis contrasts tliis mciiuMl with the liireet in which tbe eml-point 
of coagulability is determined by the first appearance of fibrin. 

Cannon’s apparatus represents a combination of direct and indirect 
inetli(Mls. The wire used in their cx|)criinents was eoiintcr-balanc*ed 
at oO iiigin. while ours was at bO mgm. We therefore doubled tlie 
weight to be su])ported by the coagulated bhxMl when the end¬ 
point had occurred, and our reasiui for doing so arose from Addis’s 
objection. 


•* Addis: Imc. rit.. p. 320. 
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It ii|)|K‘iir.s ])o,ssilile that even Avitli using the heavier wire we 
eneoiintered this ol)stacle of agglutination. All the neeessary 
eoiulitions were eoni])lie<l with carefully in order to ensure a|)|)ro.\i- 
niately constant re.sults, and yet it must Ite admitted that the 
results .shown arc so variable as to invite serious criticism. We doubt 
if experimental error could l>e the entire basis of such criticism. 

ICxi’I.AXATOIlY XoTKs. We ])rcferred the car rather than the 
finger as a source from wliich to obtain the bhxxl. In tnbcrcnlons 
)iaticnts the cars invariably yicldtsl the .specimen ])romptly, while 
the fingers, more or less .subject to chronic i)assive congestion, 
were not so satisfactory in this respect. .Addis fonnil that blood 
differed very little, if any, in time of coagulation wfiethcr it was 
drawn from a deei) or su|K'rficial .soiirir,'^ and that increased con¬ 
gestion, as would be priuluissl by cleansing the car lobe, maile no 
diircrencc.'* 

.Adilis found no diurnal variation in the coagulability of IiIoihI, 
the coagulation time of the IiIoikI of the same indiviilnal being 
constant at different times of the ilay and even on different days. 

-Addis ii.scsl the first drop of bhuHl to apjtear.'^ Cannon and 
Mendenhall found tliat the first few sam))les of bloixl taken from 
an animal showed rapid or somewhat irregular rates of clotting.“ 
In aiiplying their methotl to testing human bhaxl they found on 
one ticcasion that the first .siunple showisl the largest variation in 
coagulation time from the average—that is, -ffl.f) minute, while 
the second and fifth samples showetl the least — that is -Hl.l 
minute. Tiie average error was -1-0.3 minute.'’ 

The satn|)les of hloo<l which we used in onr exix'rimcnts composed 
the first few drops drawn, and this blocxi was i|uickl,v introduceil 
into the canmda within a few seconds of the time when it first 
ajipcared. 

."special care tvas ncccs,sary in this o|)cration to i)revent any longer 
contact of the hlood with the air. Moreover, no specimen was taken 
uj) from skin previously covered with rccentl.v shed blood. .Addis” 
h.is sliown conclusively the large c.xix’rimental error arising from 
neglect of complying with this condition. 

The puncture made in each ca.se was sufficient to ensure the 
l)rompt apitearance of the blood drop and also an approximately 
constant rate of outflow. 

In drawing a quantity of bloo<l from a vein into a test-tube for 
.serological" examination we have occa.sionally observed a mnch 
increased coagidation time in certain siK'cimcns. While this is 
an inaccurate incthcxl of determining coagtdability, due to varia- 

** Atitlis: fit., p. JIUO. 

("it. 

“ Atidi-s: htr fit., p. 1115. 

rfninoii anti Mci»lcn!i:ill: I»r. ril., p. 2:^1. 

'■ «' AiMis; I...f. fit.. I*. 
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tiuiiB in temperature and in conditions influencing tlie contact of 
tlie blood with foreign surfaces, yet the difference in clotting times 
have often l)ccn extraordinary. 

lI])on examining later the contents of such tubes we have found 
in some a clotted mass of scrum, “chicken-fat" clots, of tough, 
white, fibrous consistency. These specimens were common to patlio- 
logical cases with advanced disease. Wliether or not the formation 
of this so-called “serum clot” may have a bearing upon the agglu¬ 
tinative jirocess simulating blood coagulation we leave to con¬ 
jecture. 

,Su.\t\lAUY. 1. One bundred and twenty patients yieliled oin- 
hundred and thirty-two specimens of blood for the estimation of 
coagulation time. Of these patients 8 were probably non-tidjercu- 
lous. The rest were allliete<l with pulmonary tulwreulosis, 73 
licing open and 47 closed cjiscs. Of the 120 jiatients 54 per cent, 
gave histories of hemoptysis. 

2. The average clotting time was seven minutes forty-five 
seconds. 

3. Grouping these cases in tabular form according to: 

(n) ('oagidation time, 

(i) Occurrence or non-occiirrcncc of hemoptysis, and 

(c) Stage of disease activity or quicsecnce, we find no striking 
demonstration of results. 

4. A substudy of 24 cases was made. Twelve patients tvith 
recent hemoptysis showed coagidation times increased in several 
instances and in average time eight minutes thirty seconds. Twelve 
patients without hemoptysis and with disease processes parallel to 
those of the patients in tlie first group showed coagulation times 
increased in as many instances as among those of the first group. 
Average was the same, eight minutes tliirty seconds. 

5. The indirect method of determining blood coagulation time may 
produce variable results when applied to pathological conditions. 

0. No attempt was made to show the results of medication with 
calcium salts. .Addis found that the coagulation time” of the blood 
was unaffected by the administration by mouth of soluble calcium 
salts. In a notable study” .Addis found that the amount of ionizable 
calcium in the blood is increased by giving soluble calcium salts 
by mouth but the increase which is brought about is considerably 
less than is necessary before any appreciable effect is produced on 
the coagulation time. 

•* Addis: I^or. rit., p. 332. 
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